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SYNOPSIS: The defor.mability properties of all the materials of Penitas Dam (43-m high) are estimated 
based upon the measurement of total stresses, pore pressures and strains by means of the instrumenta-
tion placed inside the embankment. The results of these measurements indicate that all the materials 
show octahedral stress-octahedral strain cuasilinear relationships as if they were elastic. The val-
ues of the deformability moduli E and the Poisson's ratios v computed from these relationships are 
compared with the moduli E obtained by means of confined plate bearing tests made in situ during con-
struction of the dam, and are also used to feed a bidimensional finite element model analysis by which 
the states of stress and strain within the dam are computed and compared with the real stresses and 
strains measured. 
INTRODUCTION 
Penitas Dam was built by the Federal Commission 
of Electricity on the Grijalva River in the 
southeast of Mexico and is part of the most im-
portant hydroelectric system in the country. A 
detailed description of the project may be 
found in Montanez and Castilla (1985). 
Many attempts have been made to determine 
stress-strain properties of the compacted mate-
rials of dams by means of laboratory and field 
tests of all kinds with different conditions 
and methods of compaction, different stress 
paths, with various rates of loading or defor-
mation, etc. In Mexico, ever since the mid-
sixties, we have been working with instrumenta-
tion placed in the dams in order to check the 
criteria used in the design of new dams, con-· 
trol their behaviour and try to determine the 
stress and strain conditions in the different 
materials of the dam, Marsal (1982). 
This paper presents the results of the instru-
mental measurements to evaluate the behaviour 
of Penitas dam during its construction. 
Furthermore, emphasis is put on the estimation 
of the deformability characteristics of the dam 
materials based on the total stresses, pore 
pressures and strains measured. The results 
allowed the determination of cuasilinear octa-
hedral stress-octahedral strain relations for 
all the dam materials, from which the modulus, 
E, and Poisson's ratio, v, are obtained. These 
values are compared to those found by means of 
confined plate-bearing tests (CPBT) made during 
the construction of the embankment and are used 
to feed a bidimensional finite element model. 
Finally, these results are compared to the 
stresses and strains measured, thus allowing 
very interesting conclusions. 
DESCRIPTION OF THE DAM AND ITS FOUNDATION 
Penitas Dam is a 43-m high earth and rockfill 
embankment with a central core of compacted 
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Fig. 1 General layout of Penitas Hydroelectric 
Project 
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is 2.76 x 10 6 m3 , its crest is 750 m long and 
it is founded on alluvial deposits up to 56 m 
thick. It has a plastic-concrete cut-off wall 
cutting the alluvium and embedded in the basal 
rock, fig 1; the first 12m of the alluvial ma-
terial were densified by dynamic compaction, 
Montanez and Castilla ( 1 985). Two platforms 
made of waste rockfill material link the main 
dam with the upstream and downstream coffer-
dams. 
CHARACTERISTICS OF THE DAM MATERIALS AND OF THE 
CUT-OFF WALL 
Dam 
The properties of all the materials of the dam· 
are: 
1mpe!tv.<.ou.6 cone (ma.-tetia.l.6 1 b and 1). In this 
part of the dam two different kinds of clay 
were used, fig 1. Between the foundation and 
elev 69, as well as between elevs 90.5 and 95.5 
and in two 5 m wide strips in contact with the 
banks all way up the dam, a brown plastic clay 
was placed, whose properties are shown in ta-
ble 1 and in figs 2 and 3a (material 1b). Most 
of the core is made of residual silty red clay 
(MH and CH), whose characteristics are also 
shown in table 1 and in figs 2 and 3b (material 
1). Both clays were compacted with water con-
tent 1-3% above the optimum. 
F.<.l-teJt.6 ( ma-ten.La.e. 2) . The mean index proper-
ties of this material are shown on table 2. Up 
to elev 85, a sand and gravel natural mixture 
dredged from the riverbed was used, fig 4a; 
between elevs 85 and 94 a uniform sand obtained 
by crushing alluvial material was placed, fig 
4b. 
T!tan.6.i..t.i..on.6 (mateJt.<.a..e. 3). The sandy gravel 
used in the transitions was also obtained by 
dredging the riverbed; its gradation character-
istics and index properties are shown in table 
2 and in fig 4c. 
Rock6.(..l.e. (ma-teJt.La.e. 4) or rather sandy shells 
are the product of the compaction of soft sand-
stones coming from the open pit excavations· for 
the powerhouse (left bank) and for the spillway 
(right bank). Their physical characteristics 
can be found in table 2 and in fig 4d. 
Vumped Jtoe.k.MU (ma.:teJt.i..al 5) and R.i..pnap (ma.-te-
Jt.i..a.l 6). Both also come from the rock excava-
tions in both banks and were placed by pushing 
the bigger particles of material 4 to the outer 
slopes. 
~ ~r-r-r-~~~~~~,~ 
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TABLE 1. PROPERTIES OF THE CORE MATERIALS 
Brown plastic clay Silty red clay 
-N x' (J N X (J 
yd 550 1535 51 725 1388 149 
wt 550 27.1 2.7 725 33.1 4.5 
Yp 200 1554 187 547 1427 86 
Ec 270 98.2 2.9 725 97.5 8.1 
qu 221 1. 88 0.46 686 2.74 0.88 
Mi 221 33.7 29.1 686 129.1 103.2 
WL 472 56.5 5.6 547 73.4 15.5 
Wp 472 27.4 2.1 547 34.7 4.2 
ss 481 2.66 0.23 553 2.67 0.24 
e 481 0.75 0.08 725 0.93 0.13 
sr 550 96.1 8.00 725 95.6 6.1 
s 477 14.3 5.3 549 20.2 5.5 
F 477 85.7 6.8 549 79.8 5.5 
NOTATION 
Field dry unit weight, in kg/m 3 
Field water content, in % 
Dry unit weight in Proctor test correspond-
ing with wt, in kg/m 3 
Compaction·efficiency (Yd/YE), in% 
Unconfined compression, in kg/cm2 
Initial deformation modulus in q test, in 
kg/cm 2 u 
Liquid limit, in % 
Plastic limit, in % 
Specific gravity 
Void ratio 
Saturation ratio, in % 
Sand content, in % 
Fines content (passing #200 sieve) , in % 
Number of determinations 
Mean value 
Standard deviation 
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TABLE 2. PROPERTIES OF THE GRANULAR MATERIALS 
Filters (2) Transitions (3) Rock fill (4) 
N x N x N x 
Yd 161 1863 92 2009 41 1826 
Wt 161 6.7 92 6.5 41 11.1 
Ss 161 2. 72 92 2.66 41 2.65 
I e 161 0.47 92 0.39 41 0.45 
>3" 
--- ----
92 2.2 41 36.6 
G 161 25.7 92 52.8 41 34.1 
s 161 71.0 92 42.0 41 22.7 
F 161 3.3 92 3.0 41 6.7 
k 4 3.2xlo-3 2 l.Sxlo- 3 3 2.lxlo-4 
NOTATION 
G Gravel content, in % 
>3" Percent of particles bigger than 3 in 
k Coefficient of permeability, in cm/s 
All other symbols defined under Table 1 
g'100 
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Fig. 4 Gradation of materials 2, 3 and 4 
Besides the mentioned materials, the embankment 
includes: two filters (F1 and F2) between the 
drain~ge strips of both shells and the dumped 
rockfill, fig 1, and a flexible pavement layer 
on the upper 2.5 m (material 7). 
The compaction data of all these materials are 
condensed in table 3. 
Plastic cut-off wall 
The cut-off wall built through the alluvial ma-
terials was made of plastic concrete so as to 
give it deformation characteristics similar to 
those of the alluvium and to make it flexible 
enough to avoid its penetration in the impervi-
ous core of the dam. The concrete mix proper-
ties are shown in table 4. During the pouring 
of the concrete into the trench, samples were 
469 
taken in cylindrical moulds. The average re- · 
sults of more than 600 samples tested under un-
confined compression at the age of 28 days are 
also shown in table 4. To verify the quality 
of the cut-off wall in situ, water absorption 
tests were also carried out in two boreholes 
that crossed vertically the whole wall; the 
coefficient of permeability varies between 
3 x 10- 7 and 3 x 1o-s cm/s. 
TABLE 3. COMPACTION CHARACTERISTICS OF THE DAM 
MATERIALS 
Material Layer No. of Compaction Weight 
thickness passes equipment* 
(em) 
1 25 6 1 
2 30 2 2 
3 40 4 2 




6 N.C. - 3 
I 
Fl 30 2 2 
F2 30 2 2 
7 40 6 2 
NOTATION 
* 1 Sheepsfoot roller 
2 Vibratory smooth-drum roller 
3 Tractor 











TABLE 4. CUT-OFF WALL CHARACTERISTICS 
Dosag-e 
Cement 150 kg/m 3 
Gravel (¢max = 19 mm) 375 kg/m 3 
Sand (¢max = 6 mm) 975 kg/m 3 
Bentonite slurry 300 R./m s 
Properties 
qu = 9.8 kg/cm:l 
Mi = 4055 kg/cm 2 
NOTATION 
q u Unconfined compression strength 
Mi Initial modulus of deformation in qu 
INSTRUMENTATION 
The instrumentation of the dam was designed 
keeping in mind: .1 ) the seismic activity of the 
zone, 2) the geometry of the damsi te, 3) the 
properties of the rock and alluvium foundation, 
4) the location of oil fields and important 
cities downstream of the damsite, and 5) the 
valuable information which is obtained from the 
instrumental measurements to improve both the 
design criteria and the analytical models used 
in the computation of stresses and strains in 
earth and rockfill dams. 
The dam is instrumented in three transversal 
sections A, c and D, fig 5. Each section con-
tains four inclinometers, six clusters of in-
struments to measure stresses and strains, and 
hydraulic leveling devices at two elevations; 
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!Section A is also equipped with six cross-arms. 
Besides, a few pressure cells and pneumatic 
piezometers were also installed at certain 
points of the dam, and several lines of exten-
someters are found near the crest. On the 
slopes of the dam several surface reference 
points at rows were installed for the topogra-
phic control of the crest and slopes movements, 
fig 5. 
a) Cross Section A 
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b) Plan view 
c Casagrande-type piezometers PLDi, PLII 
..L. Hydraulic leveling devices 
• Surface reference points at rows L- i 
• Cluster of instruments Gi 
1 Pneumatic piezometers 
0 Instrument house 
II• Inclinometers 1-i 
1-o- Cross-arms D-i 
re Pressure cells 
1----l Extensometers 
Fig. 5 Instrumentation of Penitas Dam 
'Besides the instrumentation of the dam, several 
instruments were placed in both abutments, in 
the alluvial foundation, in/on the powerhouse 
and in/on the spillway for monitoring piezomet-
ric levels, water flow, vertical and horizontal 
movements and seismic activity. 
In order to be able to make the analysis of the 
~tates of stress and strain, at least six pres-
470 
· sure cells and six extensometers per cluster: 
of instruments must be placed in different 
. directions, provided that any two directions 
are linearly independent. The analysis can be 
made in terms of effective stresses if the pore 
pressure is measured by means of piezometers 
too. Thus, each cluster of instruments in-
stalled in Peii.i tas dam is formed by 6 total 
pressure cells, 6 electric extensometers and 
2 pneumatic piezometers (one redundant), placed 
as shown in fig 6; the characteristics of these 
instruments can be found in Gonzalez-Valencia 
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Fig. 6 Schematic layout of a cluster of instru-
ments 
MEASURED STRESSES AND STRAINS 
Introduction 
The analysis of the states of stress and strain 
based on the instrumental measurements is made 
in order to: 1) obtain the stress-strain rela-
tionships of the dam materials during the con-
struction period, 2) verify the properties of 
the materials used in the Finite Element Method 
(FEM) computations, and 3) predict the future 
behaviour of the structure. 
In each measuring direction ~ ~n space, defined 
by its direction cosines (ai, si, yi) with re-
spect to a general coordinate system, the line-
ar strain ei is expressed by: 
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ei e 1 a~+e 2 S~+e 3 y~+2g 1 Siyi+ (1) 
+2g2aiyi +2g3aiSi 
taking into account that 
[ e1 g3 g, l i5 g3 e2 g1 (2) g2 g1 e3 
is the strain tensor at the point of measure-
ment. 
The knowledge of the six e. values in six dif-
ferent directions leads tt the establishment 
of a system of six linear independent equations 
with the help of equation (1 ). The solution of 
this system gives the values of the six strains 
e 1 , e 2 , e 3 , g 1 , g 2 and g 3 which define the 
strain tensor i3. In the same way the stress 
tensor E can be established: 
(3) 
The knowledge of D and E tensors with respect 
to a general coordinate system allows the de-
termination of the magnitude and direction of 
the principal strains and stresses (e: 1 , e: 2, e: 3 
and a 1 , a 2 , a 3 ). 
The octahedral stresses and strains are defined 
as: 
1- - -3 (a 1 +a 2 +a 3 ) 
1 3 ( e: 1 +E 2 +E 3 ) 
'oct 
1 - - 2 - - 2 - - 2 ~ 3 [ (a 1 -a 2 l + (a 1 -cr 3) + (a 2 -a 3 l l 
(4) 
i- [ ( E 1 -E 2) 2 + ( E 1 -E 3) 2 + ( e: 2 -E 3) 2] ~ 
where a1, cr2 and cr3 are the principal effective 
stresses and e: 1, e: 2 and e: 3 are the principal 
strains. 
With these values one can draw the variations 
of e:· oct with respect to cr oct, y oct with respect 
to .::.. oct and also the variation of cr 1 in regard 
to a 3 • 
Instrumental measurements 
It is once again verified, Marsal (1976), that 
~uring the construction period the relationship 
o 1/a 3 remains constant. Figs 7 to 12 show the 
octahedral stress-strain relationships for each 
cluster of instruments. These values of croct' 
e: oct, 'oct and Y oct are determined via the 
measurement of: 1) total stresses (total pres-
sure cells), 2) strains (electric extensome-
ters), and 3) pore pressures (pneumatic piezo-
meters). · 
The tendency of linearity in all the 




(figs 7 to 12) is observed, except in the case 
of the Eoct vs a oct curve of the lC cluster; 
here the extensometer EX (in the river direc-
tion) was exposed to strong elongation because 
it was partly on the cut-off wall and partly 
beyond it, which altered the real value of the 
strain in that direction due to penetration of 
the cut-off wall in the clay core. 
Considering the results shown in the preceeding 
figures, it can be written for each material 






where K represents the bulk modulus and G is 
the shear modulus of the material. These rela-
tions are identical with those of the Theory 
of Elasticity in which 
K = 1-~v and G = 2(l~v) 
where E is the Young's modulus and v is the 
Poisson's ratio. 
Thus, based on the a oct vs E oct and 1 oct vs Yoct 
curves it is possibl·e to find the values of E 
and v corresponding to the material which sur-
rounds each cluster of instruments. 
Using this method, the values of E and v were 
calculated for the different materials and the 
results can be found in table 5. 
It is important to indicate that the values of 
E and v of the core material probably concern 
only the silty red clay (material 1 ) because 
this clay is enveloping clusters 1 and 2 in 
sections A and C with a 4 m thick layer. Only 
clusters 1 and 2 of section D are surrounded 
by plastic brown clay (material 1b) but unfor-
tunately in these clusters some of the pressure 
cells failed shortly after having been placed. 
The results presented in this section should be 
compared with those found by means of the con-
fined plate bearing tests made during the cons-
truction as well as with the mechanical para-
meters of the clays obtained by means of lab-
oratory consolidation tests, fig 3. 
CONFINED PLATE BEARING TESTS AND CONSOLIDATION' 
TESTS 
Confined plate bearing tests (CPBT) 
Description 
A CPBT is actually a conventional plate bearing 
test; the difference lies in the fact that by 
means of an annular plate a confining. stress 
is applied to the material being tested, Monta-
nez e.:t al. ( 1 979) • Both plates are made of 
steel: the annular one has a 0.8 m inner diame-
ter and 2. 4 m outer diameter and the central 
plate has a diameter of 0.8 m. 
The loads are transmitted to the plates by 
using hydraulic jacks which react against a 
metal platform onto which a loaded truck weigh-
ing 80 ton is driven, fig 13. The settlements 
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•of the central plate are measured with thre·e 
micrometers. 
Test procedure 
Initially, a 1 kg/cm2 stress is applied to both 
plates. The settlement of the central one with 
respect to a fixed level is measured during 
a preestablished period of time and then a 
1 kg/cm 2 load increment is applied to the cen-
tral plate while the annular one is kept with 
the original load. The displacement of the 
central plate continues to be read and when the 
rate of settlement slows down to a fixed limit 
the next 1 kg/em 2 load increment is applied. 
The test continues in a similar way until the 
pressure in the central plate reaches ~ kg/cm 2 • 
Afterwards, the plate is unloaded with load de-
crements of 1 kg/cm 2 , 
Test interpretation 
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ition for each load increment, the next expres-
sion derived from the Theory of Elasticity is 
·used: 
E 
where: E modulus of deformation 
v Poisson's ratio 
a inner plate radius 
8p load increment on the plate 
8o settlement caused by 8p 
( 7) 
The modulus of deformation of an elastic mate-
rial loaded superficially with a load P on a 
rigid circular plate of radius a can be comput-
ed using expression (7). Even though this is 
not precisely the case in a CPBT because of the 
additional load on the annular plate, the re-
_sults obtained with equation (7) are considered 
to be pretty close to reality. 
Notation for figs 7 -12: 
Point Oate 
1 20 Sep 85 
2 Nov 85 
3 10 Dec 85 
4 20 Jan 86 
5 1 Mar 86 
6 10 Apr 86 
7 Jun 86 
8 20 Jul 86 
9 Sep 86 
10 1 Oct 86 
t End of overburden increase over 
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Fig. 7 Octahedral stress-strain curves for clusters No. 1 (core) 
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Fig. 10 Octahedral stress-strain curves for clusters No. 4 (Rockfill) 
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Fig. 12 Octahedral stress-strain curves for clusters No. 6 (Transition) 
TABLE 5. ELASTIC PROPERTIES DETERMINED 
INSTRUMENTATION AND CPBT 
Material Instrumentation CPBT 
v E Eb 
Clay corea 0.15 120 126 
Filters 0.15 1500 903C 
Transitions 0.15 1300 1295 
Rockfill 0.10 750 890 
NOTATION 
a Silty red clay 
b Computed using v of the first column 
c Material placed above elev 85 (fig 4b) 
E. in kg/cm2 
Results 
BY 
In fig 14 the stress on the plate (crp) versus 
settlement (o) diagrams are shown for all mate-
rials tested; note that the unloading branches 
of the curves are not drawn for clarity. The 
average moduli E calculated with equation (7) 
considering the v values obtained by the in-
strumentation are shown in t~ble 5. Comparing 
474 
Annular plate 




1 rrH 1 1 1 111 1 rn 1 
Fig. 13 Schematic layout of a CPBT 
these values of E with those of the instrumen-
tation an excellent correlation is observed, 
except in regard to the filter. However, it 
should be taken into account that the CPBT were 
made in the filter above elev 85 and therefore. 
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in the fine uniform material obtained by crush~ 
ing the dredged alluvium, fig 4b; the volume 
of this material is very small in comparison 
to the rest of material 2, fig 4a. 
It should be noted that we tried to make CPBT 
in the plast~c brown clay but this material is 
so compressible that when applying the first 
load of 1 kg/cm 2 on both plates, the stroke of 
the hydraulic jacks was exhausted, and for this 
reason no results could be obtained. 
Consolidation tests of the core clays 
The variation of the coefficient of volumetric 
compressibility, mv, of both core clays (mate-
rials 1 b and 1 ) is shown in figs 3a and 3b. 
The inverse of mv is equal to 70 and 120 kg/cm2 
for clays 1b and 1 respectively in the effec-
tive stress range of 1 to 3 kg/cm 2 • The latter 
value of 1/mv corresponding to the red clay is 
pretty similar to the values of E obtained by 
instrumentation and CPBT. 
FINITE ELEMENT METHOD 
General remarks 
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Fig. 14 Stress-settlement curves of the CPBT 
475 
by the Finite Element Method (FEM) was made 
taking into consideration a plane strain state 
in the maximum cross-section of the dam. The 
mesh used is shown in fig 15; the triangular 
elements are of such a kind that the strain is 
constant all through each element. To take 
account of the incremental construction, the 
FEM idealization was arranged in ten horizontal 
layers corresponding to construction lifts; the 
results presented below are the ones corre-
sponding to the end of the construction. 
Properties of the materials 
The stress-strain properties used to feed the 
finite element program are the ones obtained 
by the instrumentation and are presented in 
table 6. The properties of the cut-off wall 
shown on the same table were obtained by the 
unconfined compression tests made in the course 
of its construction, table 4; the alluvium 
characteristics were estimated on the basis of 
in situ cross-hole tests made after the dynamic 
compaction (dynamic modulus Ed = 1100 kg/cm 2 ) 
and of the average properties which generally 
characterize these deposits. 
Fig 16 shows the distribution of materials 
which were used for the numerical analysis. 
Note that the materials 4, 5, 6, F1 and F2 were 
assigned the properties of material 4. Be-
sides, since no CPBT were made in the brown 
plastic clay and there is no instrumental in-
formation about this material, it was consider-
ed that the whole core is formed by the silty 
red clay (material 1). 
One . of the basic considerations for the FEM 
analysis was the constant values of E and v for 
each material during all the simulated con-
struction of the dam. These constant values 
are a consequence of the already mentioned 
linearity of the croct VS e: oct and T oct VS Y oct 
curves. 
Results 
The resulting displacement vectors and vertical 
stress configuration are presented in figs 17 
and 18, respectively. Note the tendency of the 
dam material to move towards its interior 
whereas the foundation material tends outwards, 
fig 17. In fig 18, three vertical stress con-
centrations stand out, one in the core above 
the cut-off wall and two others also in the 
clay near the filters, because of the interac-
tion between the compressible core and the 
rigid diaphragm wall and the rigid filters. 
Comparison with the instrumental measurements 
The vertical effective stresses measured in 
several zones of the dam and the ones calcu-
lated by the FEM are presented in fig 19; the 
resemblance is clearly evident. The maximum 
differences occur in the clay core in the 
proximity of the filters in view of the reasons 
explained in the previous section. 
In regard to the measured and calculated set-
tlements, these are compared in fig 20, where 
the settlements measured with the · central 
inclinometer I-AB and the settlements measured 
at elev s9 (crest of the cut-off wall) and elev 
77 are shown. In this figure once again the. 
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Fig. 15 Finite element mesh 
TABLE 6. MATERIALS PROPERTIES USED IN THE 
FEM ANALYSIS 
Material v E* 
1 Clay core 0.15 120 
2 Filters 0.15 1500 
3 Transitions 0.15 1300 
4 Rockfill 0.10 750 
5 Cut-off wall 0.33 4055 
6 Alluvium 0.30 750 
* in kg/cm2 
Rock base 
Notation in Table 6 
Fig. 16 Materials used in the FEM analysis 
great similarity of the measured and ·computed 
settlements can be seen, except at elev 59, 
where the computed ones are somewhat smaller 
perhaps because the plastic clay (material 1b), 
obviously more compressible than the red clay, 
fig 3, was not taken into consideration in the 
numerical model. 
CONCLUSIONS 
The determination of the stress-strain charac-
teristics of the Penitas dam materials by means 
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I I H I 
~ 
Displacement scale 8 , in em 
Fig. 17 Computed displacements at the end of 
construction 
~ Vertical effective stress , kQ/cm2 
Fig. 18 Contours of equal vertical effective 
stresses 
of the instrumental measurements leads to the 
following conclusions: 
a) As a consequence of the stress path followed 
during construction (cr /a = constant) the 
1 3 
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materials behave as if they were linear 
elastic. 
Vertical effective stresses: 
-- Measured (20 Jul 86) 
---- Computed 
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Fig. 20 Measured vs computed settlements 
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b) The computation of the states of stress and 
strain by means of the FEM. is therefore 
simplified for the construction stage. 
c) The confined plate bearing tests (CPBT) , 
which also impose an approximately constant 
ol/03 path on the material, show values of 
the moduli E very similar to those obtained 
by instrumentation. 
According to these conclusions and to the re-
sults of vertical stresses and strains obtained 
by the FEM, its is clear that one can design a 
structure in advance if the values of E are 
determined via CPBT made on test embankments, 
at least as far as granular materials are con-
cerned. Besides, in the case of clayey mate-
rials the value of E determined in the field 
compares favourably with the inverse of the 
coefficient of volumetric compressibility, mv, 
obtained by means of laboratory consolidation 
tests. 
ACKNOWLEDGEMENT 
The authors wish to express their gratitude to 
the Federal Commission of Electricity authori-
ties for allowing the publication of the re-
sults presented in this paper. 
REFERENCES 
Alberro, J. and J. Borb6n, (1985), "Testing of 
Total Pressure Cells", in Behavior of Dams 
built in Mexico (1974-1984), Vol. II, Feder-
al Commission of Electricity, 2.1-2.15. 
Gonzalez-Valencia, F., (1985), "Statistics on 
the Behavior of Instruments", in Behavior 
of Dams built in Mexico (1974-1984), Vol. 
II, Federal Comission of Electricity, 1.1-
1.16. 
Marsal, R. J., E. Moreno, A. Arenas, M.A. Guz-
man and F. Saldana, (1976), "La Angostura", 
in Behavior of Dams built in Mexico, Minis-
try of Hydraulic Resources, Federal Commis-
sion of Electricity and Institute of Engi-
neering, UNAM, 313-391. 
Marsal, R. J., (1982), "Monitoring of Embank-
ment Dam Behavior", Proc., Fourteenth Con-
gress on Large Dams, Rio de Janeiro, Brasil, 
Vol. I, Q. 52, R. 84, 1441-1467. 
Montanez, L. and J. E. Castilla, (1985), "Peni-
tas, Chiapas", in Behavior of Dams built in 
Mexico (1974-1984), Vol. II, Federal Commis-
sion of Electricity, 8.1-8.23. 
Montanez, L., V. Ibarra and J. Alberro, (1979), 
"Pruebas de Placa Confinada en la Presa 
Chicoasen, Mexico", Proc., VI Panamerican 
Conference on Soil Mechanics and Foundation 
Engineering, Lima, Peru, Vol. II, 449-457. 
Second International Conference on Case Histories in Geotechnical Engineering 
Missouri University of Science and Technology 
http://ICCHGE1984-2013.mst.edu
